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(54) MAGNETO RESISTANCE EFFECT THIN FILM MAGNETIC HEAD AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an MR(magnetoresistance effect) 
thin film magnetic head provided with, for example a TMR(tunne) 
magnetoresistive) element or a CPP- GMR(current perpendicular to the 
plane-giant magnetoresistive) element, and has greatly improved frequency 
characteristic. 

SOLUTION: This magnetic head is provided with a lower shielding layer, the 
lower gap layer of a non-magnetic conductor laminated on the lower 
shielding layer, an MR laminate formed on the lower shielding layer and in 
which, a current flows perpendicularly to a laminate plane, the upper gap 
layer of a nonmagnetic conductor formed on the MR laminate, the insulating 
gap layer of an insulator formed at least between the lower shielding layer 
and the upper gap layer, and an upper shielding layer laminated on the 
upper gap layer. In a position where the MR laminate is not present, an 
additional insulating layer is formed so as to increase a distance between 
the lower shielding layer and the upper gap layer. 
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CLAIMS 
[Claim(s)] 

[Claim 1] A lower shielding layer and the lower gap layer of the nonmagnetic conductor by which the laminating was carried out 
on this lower shielding layer. The magneto -resistive effect layered product to which it is formed on this lower gap layer and a 
current flows perpendicularly to a laminating side, The up gap layer of the nonmagnetic conductor by which laminating formation 
was earned out on this magneto-resistive effect layered product. The insulating gap layer of the insulator formed between said 
lower shielding layer and said up gap layer at least. It has the up shielding layer by which laminating formation was carried out on 
said up gap layer. The magneto-resistive effect mold thin film magnetic head characterized by forming the additional insulator 
layer so that the distance between said lower shielding layer and said up gap layer may increase in the location where said 
magneto-resistive effect layered product does not exist. 

[Claim 2] The magneto-resistive effect mold thin film magnetic head according to claim 1 characterized by forming the insulator 
ayer of said addition in the crevice established in said lower shielding layer in the location where said magneto-resistive effect 
layered product does not exist. 

[Claim 3] The magneto-resistive effect mold thin film magnetic head according to claim 1 or 2 characterized by forming the 
insulator layer of said addition as a lower layer of said up gap layer in the location where said magneto-resistive effect layered 
product does not exist. 

[Claim 4] The magneto-resistive effect mold thin film magnetic head given in any 1 term of claims 1-3 characterized by being the 
tunnel magneto-resistive effect layered product which said magneto-resistive effect layered product equipped with the tunnel 
barrier layer and the ferromagnetic thin membrane layer of the pair this whose tunnel barrier layer is pinched 
[Claim 5] The magneto-resistive effect mold thin film magnetic head given in any 1 term of claims 1-3 characterized by being the 
perpendicular direction current passage mold giant magneto-resistance layered product which said magneto-resistive effect 
layered product equipped with the non-magnetic metal layer and the ferromagnetic thin membrane layer of the pair this whose 
non-magnetic metal layer is pinched. 

[Claim 6] It is the manufacture approach of the magneto-resistive effect mold thin film magnetic head which equipped the 
laminating side with the magneto-resistive effect layered product to which a current flows perpendicularly. A crevice is formed in 
this a part of lower shielding layer in the location in which a lower shielding layer is formed in and said magneto-resistive effect 
layered product is not formed. Form an additional insulator layer in the formed this crevice, and the lower gap layer of a 
nonmagnetic conductor is formed on said lower shielding layer of the location in which said magneto-resistive effect layered 
product is formed. Form said magneto-resistive effect layered product on this lower gap layer, and the insulating gap layer by the 
insulator surrounding said lower gap layer and said magneto-resistive effect layered product is formed on the insulator layer of 
said addition at least The manufacture approach of the magneto-resistive effect mold thin film magnetic head characterized by 
forming the up gap layer of a nonmagnetic conductor on said magneto-resistive effect layered product and said insulating gap 
layer, and forming an up shielding layer on said up gap layer. 

[Claim 7] It is the manufacture approach of the magneto-resistive effect mold thin film magnetic head which equipped the 
animating side with the magneto-resistive effect layered product to which a current flows perpendicularly. Form a lower shielding 
layer and the lower gap layer of a nonmagnetic conductor is formed on said lower shielding layer of the location in which said 
magneto-resistive effect layered product is formed. Form said magneto-resistive effect layered product on this lower gap layer 
and the insulating gap layer by the insulator surrounding said lower gap layer and said magneto-resistive effect layered produces 
formed on said lower shielding layer. In the location in which said magneto-resistive effect layered product is not formed an 
additional insulator layer is formed on said insulating gap layer. The manufacture approach of the magneto-resistive effect mold 
thin film magnetic head characterized by forming the up gap layer of a nonmagnetic conductor on said magneto-resistive effect 
teyered product and the insulator layer of said addition, and forming an up shielding layer on said up gap layer. 
[Claim 8] It is the manufacture approach of the magneto-resistive effect mold thin film magnetic head which equipped the 
laminating side with the magneto-resistive effect layered product to which a current flows perpendicularly. A crevice is formed in 
this a part of lower shielding layer in the location in which a lower shielding layer is formed in and said magneto-resistive effect 
layered product is not formed. Form the insulator layer of the 1 st addition in the formed this crevice, and the lower gap layer of a 
nonmagnetic conductor is formed on said lower shielding layer of the location in which said magneto -resistive effect layered 
product is formed. Form said magneto-resistive effect layered product on this lower gap layer, and the insulating gap layer by the 
insulator surrounding said lower gap layer and said magneto-resistive effect layered product is formed on the insulator layer of 
said 1st addition at least. In the location in which said magneto-resistive effect layered product is not formed, the insulator layer 
of the 2nd addition is formed on said insulating gap layer. The manufacture approach of the magneto-resistive effect mold thin 
film magnetic head characterized by forming the up gap layer of a nonmagnetic conductor on said magneto-resistive effect 
layered product and the insulator layer of said 2nd addition, and forming an up shielding layer on said up gap layer. 
LCIainri 9] The manufacture approach of the magneto-resistive effect mold thin film magnetic head given in any 1 term of claims 
6-8 characterized by being the tunnel magneto-resistive effect layered product which said magneto-resistive effect layered 
product equipped with the tunnel barrier layer and the ferromagnetic thin membrane layer of the pair this whose tunnel barrier 
layer is pinched. 

[Clairn 10] The manufacture approach of the magneto-resistive effect mold thin film magnetic head given in any 1 term of claims 
6-8 characterized by being the perpendicular direction current passage mold giant magneto-resistance layered product which 
said magneto-resistive effect layered product equipped with the non-magnetic metal layer and the ferromagnetic thin membrane 
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layer of the pair this whose non-magnetic metal layer is pinched. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is usable to for example, hard disk drive (HDD) equipment, and a current is related with the 
manufacture approach of the magneto-resistive effect (MR) mold thin film magnetic head equipped with the tunnel magneto- 
resistive effect (TMR) component or perpendicular direction current passage mold giant magneto-resistance (CPP(Current 
Perpendicular to the Plane)-GMR) component which flows to a laminating side and a perpendicular direction, and its MR mold 
thin film magnetic head. 
[0002] 

[Description of the Prior Art] In connection with the densification of HDD equipment, the magnetic head of high sensitivity and 
high power is demanded more. The TMR component using the ferromagnetic tunnel effect which consists of multilayer structure 
of a lower ferromagnetic thin film layer / tunnel barrier layer / up ferromagnetism thin membrane layer as what replies to this 
demand m recent years The CPP-GMR component to which it is a kind of the GMR component which consists of multilayer 
structure of a lower ferromagnetism thin membrane layer / non-magnetic metal layer / up ferromagnetism thin membrane layer, 
and a current flows to a laminating side and a perpendicular direction (For example, JP.4-103014.A) (For example) W. PPratt, Jr 
et al, Perpendicular Giant Magnetoresistnce of Ag/Co Multilayers", PHYSICAL REVIEW LETTERS, Vol.66, No.23. pp 3060-3063 
June 1991 attracts attention. As compared with the general GMR component (CIP(Current-InPlane)-GMR component) for which 
a current flows along a laminating side, several times bigger MR rate of change is obtained, and. moreover, these components can 
realize a narrow gap easily. In addition, the "lower part" and the "upper part" in a lower ferromagnetism thin membrane layer and 
an up ferromagnetism thin membrane layer are vocabulary which shows physical relationship with a substrate, generally, the side 
near a substrate is the lower part and a far side is the upper part 

[0003] Drawing J is drawing which looked at the CIP-GMR component which has general structure from ABS (surfacing side). 
[0004] the lower gap layer in which 10 was formed in in the lower shielding layer, and 1 1 was formed by the insulating material in 
this drawing, and 12 — a lower ferromagnetism thin membrane layer (a free layer) — an up shielding layer and 15 show a hard 
bias layer, and. in the GMR layered product which consists of multilayer structure of a /non-magnetic-metal layer / up 
ferromagnetism thin membrane layer (pinned layer) / antiferromagnetism thin film layer, the up gap layer in which 13 was formed 
by the insulating material, and 14, 16 shows an electrode layer, respectively. 

[0005] A sense current flows to the laminating side of the GMR layered product 12. and parallel, and the lower part and the up 
shielding layers 10 and 14. and the GMR layered product 12 are electrically insulated in the lower part and the up gap layers 1 1 
and 13. 

[0006] In such a CIP-GMR component, although it is necessary to use a very thin insulator with very high withstand voltage for 
the lower part and the up gap layers 1 1 and 1 3 in order to realize narrow gap-ization, it is difficult to realize the insulator of such 
a property, and this serves as a bottleneck for densification. 

[0007] Drawing 2 is drawing which looked at the TMR component or CPP-GMR component which has general structure from 
Ado. 

[0008] The lower gap layer of the electrode combination in which 20 was formed in in the lower shielding layer of electrode 
combination, and 21 was formed with the metallic material in this drawing, The TMR layered product which 22 becomes from the 
multilayer structure of a lower ferromagnetism thin membrane layer (free layer) / a tunnel barrier layer / up ferromagnetism thin 
membrane layer (pinned layer) / antiferromagnetism thin film layer, or a lower ferromagnetism thin membrane layer (free layer) - 
the CPP-GMR layered product which consists of multilayer structure of a /non-magnetic metal layer / up ferromagnetism thin 
membrane layer (pinned layer) / antiferromagnetism thin film layer - The up gap layer of the electrode combination in which 23 
was formed with the metallic material, and 24 show the insulating gap layer in which the up shielding layer of electrode 
combination and 25 were formed in in the hard bias layer, and 26 was formed by the insulating material, respectively. In addition 
22a is the lower ferromagnetism thin membrane layer (free layer) extended in the hard bias layer 25 direction along the laminating 
side from the TMR layered product or the CPP-GMR layered product. 

[0009] In such a TMR component or a CPP-GMR component implementation of narrow-gap-izing is possible, without between 
the lower shielding layers 20 and the up shielding layer 24 having flowed electrically, therefore worrying about dielectric 
breakdown of a gap layer, in order to pass a sense current to a laminating side and a perpendicular direction. Consequently, it is 
possible to improve track recording density sharply. 

[0010] In HDD equipment not only a raise in recording density such but high transfer rate-ization has been a very important 
technical problem. Although a transfer rate is greatly influenced by the rotational speed of a magnetic disk, it is influenced very 
greatly by the frequency characteristics of a recording head or the reproducing head 
[0011] 

[Problem(s) to be Solved by the Invention] Drawing ^ is the representative circuit schematic of a CIP-GMR component, and 
jfaawngj is the representative circuit schematic of a TMR component or a CPP-GMR component. 

[0012] In a CIP-GMR component an essential factor which it is [ factor ] only that the equivalent resistance RGMR of a GMR 
component exists between output terminals, and degrades frequency characteristics does not exist all over the circuit so that 
clearly from drawing 3 . However, in the TMR component or CPP-GMR component of structure which uses a shielding layer as 
an electrode, the capacitance CTMR of the capacitance CShield between shielding layers and a TMR component or the CPP- 
GMR component itself other than the equivalent resistance RTMR of a TMR component or a CPP-GMR component will exist 
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between output terminals, it will become the form where these constitute a low pass filter, and frequency characteristics will 
deteriorate remarkably so that clearly from drawing 4 . 

[0013] Therefore, the purpose of this invention is to be able to improve frequency characteristics sharply, for example, offer MR 
mold thin film magnetic head equipped with the TMR component or the CPP-GMR component, and its manufacture approach 
[0014] 

[Means for Solving the Problem] The lower gap layer of the nonmagnetic conductor by which the laminating was carried out on 
the lower shielding layer and the lower shielding layer according to this invention, MR layered product to which it is formed on the 
lower gap layer, and a current flows perpendicularly to a laminating side. The up gap layer of the nonmagnetic conductor by which 
laminating formation was carried out on this MR layered product. The insulating gap layer of the insulator formed between the 
lower shielding layer and the up gap layer at least. It has the up shielding layer by which laminating formation was carried out on 
the up gap layer, and MR mold thin film magnetic head in which the additional insulator layer is formed so that the distance 
between a lower shielding layer and an up gap layer may increase in the location where MR layered product does not exist is 
offered. 

[0015] Since the additional insulator layer is formed so that the distance between a lower shielding layer and an up gap layer may 
increase in the location where MR layered product does not exist the capacitance CShield between a lower shielding layer and 
an up shielding layer becomes small. Consequently, the frequency characteristics of the thin film magnetic head improve 
remarkably. 

[0016] Drawing 5 is drawing showing the opposite frequency characteristics of a head output in case the capacitance between 
shielding layers is CShield=6pF in the equal circuit shown in drawing 4 , and drawin g 6 is drawing showing the opposite frequency 
characteristics of a head output in case the capacitance between shielding layers is CShield=1pF in the equal circuit similarly 
shown in drawing 4 . However, the capacitance of a TMR component or a CPP-GMR component is set to CTMR=0.01pF, and the 
load connected to an output terminal is set to 10 M omega. 

[001 7] In order in the case of capacitance CShield=6pF between shielding layers for the cut off frequency fc to which an output 
falls by 3dB to decrease with increase of the component resistance RTMR and to set to fc>500MHz so that clearly from drawing 
5 , component resistance RTMR must be set to 50ohms or less. In the TMR component of two or more 100 Gbits/in recording 
density, it is very difficult to realize such low component resistance. 

[0018] On the other hand, in the case of capacitance CShield=1pF between shielding layers, even rf the component resistance 
RTMR is 300ohms or more, it becomes possible to be referred to as fc>500MHz, so that clearly from drawing 6 . That is. by 
making the capacitance CShield between shielding layers small, even if the component resistance RTMR is 300 ohms or more 
realizable enough, the frequency characteristics of the thin film magnetic head can be raised remarkably. In addition, as compared 
with the capacitance CShield between shielding layers, since it is far (double or more figures) small, the capacitance CTMR of a 
TMR component or a CPP-GMR component does not pose a problem so much. 

[0019] It is desirable that the additional insulator layer is formed in the crevice established in the lower shielding layer in the 
location where MR layered product does not exist 

[0020] It is also desirable that the additional insulator layer is formed as a lower layer of an up gap layer in the location where MR 
layered product does not exist. 

[0021] Moreover, according to this invention, it is the manufacture approach of MR mold thin film magnetic head which equipped 
the laminating side with MR layered product to which a current flows perpendicularly. A crevice is formed in a part of lower 
shielding layer in the location in which a lower shielding layer is formed in and MR layered product is not formed. Form an 
additional insulator layer in the formed crevice, and the lower gap layer of a nonmagnetic conductor is formed on the lower 
shielding layer of the location in which MR layered product is formed. Form MR layered product on a lower gap layer, and the 
insulating gap layer by the insulator surrounding a lower gap layer and MR layered product is formed on an additional insulator 
layer at least The manufacture approach of MR mold thin film magnetic head which forms the up gap layer of a nonmagnetic 
conductor on MR layered product and an insulating gap layer, and forms an up shielding layer on an up gap layer is offered. 
[0022] Furthermore, according to this invention, it is the manufacture approach of MR mold thin film magnetic head which 
equipped the laminating side with MR layered product to which a current flows perpendicularly. Form a lower shielding layer and 
the lower gap layer of a nonmagnetic conductor is formed on the lower shielding layer of the location in which MR layered 
product is formed. Form MR layered product on a lower gap layer, and the insulating gap layer by the insulator surrounding a 
lower gap layer and MR layered product is formed on a lower shielding layer. The manufacture approach of MR mold thin film 
magnetic head which forms an additional insulator layer on an insulating gap layer in the location in which MR layered product is 
not formed, forms the up gap layer of a nonmagnetic conductor on MR layered product and an additional insulator layer, and 
forms an up shielding layer on an up gap layer is offered. 

[0023] It is the manufacture approach of MR mold thin film magnetic head which equipped the laminating side with MR layered 
product to which a current flows perpendicularly further again according to this invention. A crevice is formed in a part of lower 
shielding layer in the location in which a lower shielding layer is formed in and MR layered product is not formed. Form the 
insulator layer of the 1st addition in the formed crevice, and the lower gap layer of a nonmagnetic conductor is formed on the 
lower shielding layer of the location in which MR layered product is formed. Form MR layered product on a lower gap layer, and 
the insulating gap layer by the insulator surrounding a lower gap layer and MR layered product is formed on the insulator layer of 
the 1st addition at least In the location in which MR layered product is not formed, the insulator layer of the 2nd addition is 
formed on an insulating gap layer. The manufacture approach of MR mold thin film magnetic head which forms the up gap layer of 
a nonmagnetic conductor on MR layered product and the insulator layer of the 2nd addition, and forms an up shielding layer on an 
up gap layer is offered. 

[0024] It is desirable that it is the TMR layered product which MR layered product equipped with the tunnel barrier layer and the 
ferromagnetic thin membrane layer of the pair whose tunnel barrier layer of this is pinched, or is the CPP-GMR layered product 
equipped with the non-magnetic metal layer and the ferromagnetic thin membrane layer of the pair whose non-magnetic metal 
layer of this is pinched. 
[0025] 

[Embodiment of the Invention] drawing 7 — as the 1st operation gestalt of this invention — MR height or the lower shielding 
layer of the TMR mold thin film magnetic head before throat height polish processing, an up shielding layer, and a lead — a 
conductor — it is the top view showing the configuration of a part roughly. ?Vawjng_8 is the A-A line sectional view of drawing 7 , 
and drawing 9 is the B-B line sectional view of drawing 7 . in addition, the lead connected with a lower shielding layer and an up 
shielding layer in drawing_7 at these — only a conductor and a terminal electrode are expressed, illustration is omitted and. as for 
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others, illustration of the layer above the Kamitaira side of an up shielding layer is omitted by drawing 8 and drawing ? . 
[0026] The lower shielding layer of the electrode combination by which laminating formation was carried out in these drawings on 
the substrate which 70 does not illustrate, The lower gap layer of the electrode combination by the nonmagnetic conductor by 
which laminating formation was carried out by flowing through 71 electrically with this lower shielding layer 70 on the lower 
shielding layer 70. The TMR layered product by which the laminating of 72 was carried out on the tower gap layer 71, and 
patterning formation was carried out The up gap layer of the electrode combination by the nonmagnetic conductor with which 
laminating formation of 73 was carried out on the TMR layered product 72 at least. The up shielding layer of the electrode 
combination by which laminating formation was carried out by flowing through 74 electrically with this up gap layer 73 on the up 
gap layer 73, The hard bias layer which 75 gives the bias field for magnetic-domain control, The crevice in which 76 was formed 
from the top face of the lower shielding layer 70 in the location where the TMR layered product 72 does not exist The insulator 
layer of the addition which 77 embedded the insulator ingredient in the crevice 76, and was formed, The insulating gap layer by 
the insulator formed by 78 enclosing the lower gap layer 71 and the TMR layered product 72 on the additional insulator layer 77 
and the lower shielding layer 70, The 1st insulator layer by which 79 was formed in the outside of the lower shielding layer 70, 
and the 2nd insulator layer which 80 is on the insulating gap layer 78, and was formed in the outside of the up gap layer 73 and 
the up shielding layer 74 are shown, respectively. 

[0027] the 1st beer hall where the end was further connected electrically [ 81 ] in the lower shielding layer 70 in drawing 7 — a 
conductor — 82 — an end — the 1st beer hall — the 1st lead electrically connected to the other end of a conductor 81 — a 
conductor — 83 — the 1st lead — the 1st terminal electrode (connection pad) to which the other end of a conductor 82 was 
connected electrically — the 2nd lead to which the end was connected electrically [ 84 ] in the up shielding layer 74 — a 
conductor — 85 — an end — the 2nd lead — the 2nd beer hall electrically connected to the other end of a conductor 84 — a 
conductor — 86 — an end — the 2nd beer hall — the 3rd lead electrically connected to the other end of a conductor 85 — a 
conductor and 87 — the 3rd lead — the 2nd terminal electrode (connection pad) to which the other end of a conductor 86 was 
connected electrically is shown, respectively. 

[0028] Although the TMR layered product 72 is not shown in drawing, it has multilayer structure which contains a fundamental 
layer called an antiferromagnetism thin film layer, a lower ferromagnetism thin membrane layer (pinned layer), a tunnel barrier 
layer, and an up ferromagnetism thin membrane layer (free layer) at least. 

[0029] Fundamentally, the up ferromagnetism thin membrane layer (free layer) is constituted so that an external magnetic field 
may be answered and the sense of magnetization may change freely, and the lower ferromagnetism thin membrane layer (pinned 
layer) is constituted so that the magnetization direction may be suitable in the predetermined direction with the switched 
connection bias field between antiferromagnetism thin film layers. 

[0030] The lower shielding layer 70 and the up shielding layer 74 consist of monolayer structure or multilayer structure, such as 
NiFe (permalloy), Sendust, CoFe, CoFeNi, or CoZrNb. 0.5-4 micrometers of thickness are 1-3 micrometers preferably. 
[0031] The lower gap layer 71 and the up gap layer 73 consist of a nonmagnetic conductor ingredient for example, Ta. Cu, 
aluminum, Ag, Au, Ti, TiW, Rh, Cr, In, Ir, Mg, Ru, W, and Zn, PtMn, RuRhMn(s), or those alloys. 5-70nm of thickness is 10-50nm 
preferably. 

[0032] As for the lower ferromagnetism thin membrane layer (pinned layer) and up ferromagnetism thin membrane layer (free 
layer) in the TMR layered product 72, constituting from a high spin polarization ingredient is desirable, for example, monolayer 
structure or multilayer structure, such as Fe, Co. nickel, CoFe, NiFe. CoZrNb, or CoFeNi, are used. 1-1 Onm of thickness of a 
lower ferromagnetism thin membrane layer (pinned layer) is 2-5nm preferably. If this thickness becomes thick too much, switched 
connection bias magnetization with an antiferromagnetism thin film layer will become weaker, and if thickness becomes thin too 
much, TMR rate of change will decrease. 2-50nm of thickness of an up ferromagnetism thin membrane layer (free layer) is 4- 
30nm preferably. If this thickness becomes thick too much, the output at the time of head actuation will decline, and the 
instability of an output will increase according to a Barkhausen noise etc.. and if thickness becomes thin too much, the loss of 
power resulting from degradation of the TMR effectiveness will arise. 

[0033] The tunnel barrier layer in the TMR layered product 72 consists of aluminum 203, NiO, GdO. MgO and Ta 205, Mo02 and 
Ti02, or W02 grade. Thickness is about 0.5-2nm. Although a thing thin as much as possible is desirable from a viewpoint of low- 
resistance-value-izing of a component, the thickness of this tunnel barrier layer is too thin not much, and since leakage current 
will flow if a pinhole is generated, it is not desirable. 

[0034] Although the antiferromagnetism thin film layer in the TMR layered product 72 consists of PtMn and RuRhMn. other 
common antiferromagnetism ingredients can also be used for it Thickness is about 6-30nm. 

[0035] Generally the additional insulator layer 77. the insulating gap layer 78, the 1 st insulator layer 79. and the 2nd insulator 
layer 80 consist of aluminum 203. 

[0036] the 1st and 2nd beer halls — conductors 81 and 85 and the 1st. 2nd, and 3rd leads — the 1st and 2nd terminal 
electrodes (connection pad) 83 and 87 are constituted from Cu, aluminum, Au. or Ag by conductors 82, 84, and 86 and the list 
however, the 2nd lead to which the end is electrically connected to the up shielding layer 74 — a conductor 84 may be formed 
with the same ingredient as this up shielding layer 74. 

[0037] a crevice 76 be establish in the lower shielding layer 70 in the location where the MR layered product 72 do not exist . and 
the important point in this operation gestalt be constitute so that the distance between the lower shielding layer 70 and the up 
gap layer 73 may increase substantially by embed the additional insulator layer 77 in it . Consequently, since the capacitance 
CShield between a lower shielding layer and an up shielding layer becomes small, the frequency characteristics of the thin film 
magnetic head improve remarkably. 

[0038] S= 10230 micrometers of area of the part which has the potential of the up shielding layer 74 which is shown in drawing 
7 , and which solves and is located on the lower shielding layer 70 in the case of the 1st operation gestalt, i.e., the electrode 
surface product which functions as a capacitor, was 2 (calculated value by CAD), the capacitance between the lower shielding 
layer 70 and the up shielding layer 74 was CShield=5.2pF, and the cut off frequency fc was fc=235MHz. However, the distance 
between the lower shielding layer 70 and the up shielding layer 74 is 1 10nm, among those the thickness of the insulating gap 
layer 78 by aluminum 203 is 52nm. and resistance of the TMR head in which the depth of a crevice 76 is 150nm and the 
thickness of 150nm, therefore the additional insulator layer 77 also contains lead wire is RHGA=130ohm. In addition, even if the 
capacitance CShield between shielding layers and a cut off frequency fc survey and it asks for them by count, they are mostly in 
agreement For example, a cut off frequency fc is computable from fc=1/(2piRHGACShield). The TMR layered product the TMR 
head used for measurement or count as a substrate layer NiCr (3nm). As an antiferromagnetism thin film layer, as PtMn (14nm) 
and a lower ferromagnetism thin membrane layer (pinned layer) CoFe (2nm) / Ru (0.8nm) / CoFe (2nm), It has the configuration 
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which carried out the laminating of the NiCr (3nm) one by one as CoFe(2nm)/NiFe (4nm) and a cap layer as AlOx and an up 
ferromagnetism thin membrane layer (free layer) as a tunnel barrier layer. 

[0039] On the other hand, in the case of the conventional technique in which the additional insulator layer 77 is not formed it 
was CShield=10.2pF and was fc=120MHz. Therefore, according to this operation gestalt, since CShield becomes quite smaller 
than the conventional technique, the frequency characteristics of the thin film magnetic head improve remarkably. 
[0040] Drawing 10 and drawing .11 are the sectional views explaining a part of production process of the TMR mold thin film 
magnetic head in the 1st operation gestalt. and explain the manufacture approach of the TMR mold thin film magnetic head of 
this operation ge start using these drawings below. 

[0041] First, as shown in drawing 10 (A), patterning of the lower shielding layer 70 is formed and carried out. subsequently, as 
shown in drawing 10 (B). the insulator layer by aluminum 203 is formed on it flattening of the front face is carried out by 
performing CMP processing, and it is shown in drawing 10 (C) — the time — the 1st — the insulator layer 79 is formed 
[0042] Subsequently, by applying and carrying out patterning of the resist ingredient on it. it comes, whenever it is shown in 
drawmgJO (D) in which a part of lower shielding layer 70 in the location where the TMR layered product 72 does not exist carried 
out opening, and a resist pattern 100 is formed. Subsequently, by performing ion milling through this resist pattern 100 as shown 
in drawing 10 (E), a crevice 76 is formed in the lower shielding layer 70 in the location where the TMR layered product 72 does 
not exist 

[0043] Subsequently, as shown in drawing 10 (F). after forming the insulator layer by aluminum 203 on it. as shown in drawing 10 
(G). lift-off processing is performed and a resist pattern 100 and the unnecessary insulator layer on it are removed. 
Subsequently, by performing CMP processing, flattening of the front face is carried out and as shown in drawin g 10 (H) the 
insulator layer 77 of the addition embedded in the crevice 76 is obtained. 

[0044] Then, as shown in drawjng JJ (A), the TMR layered product 72 is formed the lower gap layer 71 and on it in the 
predetermined location of the lower shielding layer 70. Subsequently, as shown in drawing 11 (B), patterning of the TMR layered 
product 72 is earned out. a joint etc. is formed, and the insulating gap layer 78 by aluminum 203 is formed on the lower gap layer 
71 and the lower shielding layer 70 of the outside of the TMR layered product 72, the additional insulator layer 77, and the 1st 
insulator layer 79. 

[0045] Subsequently, after forming the hard magnet layer 75 ( drawing 8 ), as shown in drawing 1 1 (C). while forming the up gap 
layer 73 and the up shielding layer 74 on the TMR layered product 72, the 2nd insulator layer 80 by aluminum 203 is formed on 
the insulating gap layer 78 of the outside of these up gap layer 73 and the up shielding layer 74. 

[0046] drawing J2 — as the 2nd operation gestalt of this invention — MR height or the lower shielding layer of the TMR mold 
thin film magnetic head before throat height polish processing, an up shielding layer, and a lead — a conductor — it is the top 
view showing the configuration of a part roughly, drawing 13 is the A-A line sectional view of drawing 12 . and drawing 14 is the 
B-B line sectional view of drawing J2 . in addition, the lead connected with a lower shielding layer and an up shielding layer in 
drawing 12 at these — only a conductor and a terminal electrode are expressed, illustration is omitted and, as for others, 
illustration of the layer above the Kamitaira side of an up shielding layer is omitted by drawing 13 and drawing 14 . 
[0047] This 2nd operation gestalt differs from the case of the 1st operation gestalt in that the insulator layer of the addition 
which increases the distance between the lower shielding layer 70 and the up gap layer 123 is formed as a lower layer of the up 
gap layer 123. The structure of others of this operation gestalt is completely the same as the 1st operation gestalt. Therefore, in 
drawing 12 - drawing 14 , the same reference mark is given to the component equivalent to drawing 7 - drawing 9 . 
[0048] The lower shielding layer of the electrode combination by which laminating formation was carried out in drawing 12 - 
drawjng.14 on the substrate which 70 does not illustrate. The lower gap layer of the electrode combination by the nonmagnetic 
conductor by which laminating formation was carried out by flowing through 71 electrically with this lower shielding layer 70 on 
the lower shielding layer 70, The TMR layered product by which the laminating of 72 was carried out on the lower gap layer 71 
and patterning formation was carried out. The up gap layer of the electrode combination by the nonmagnetic conductor with 
which laminating formation of 123 was carried out on the TMR layered product 72 and the additional insulator layer 127. The up 
shielding layer of the electrode combination by which laminating formation was carried out by flowing through 124 electrically with 
this up gap layer 123 on the up gap layer 123, The hard bias layer which 75 gives the bias field for magnetic-domain control The 
insu ating gap layer by the insulator formed by 78 enclosing the lower gap layer 71 and the TMR layered product 72 on the lower 
shielding layer 70. The insulator layer of the addition by which 127 was formed on the insulating gap layer 78 in the location 
where the TMR layered product 72 does not exist The 1st insulator layer by which 79 was formed in the outside of the lower 
shielding layer 70, and the 2nd insulator layer which 80 is on the insulating gap layer 78, and was formed in the outside of the up 
gap layer 123 and the up shielding layer 124 are shown, respectively. 

[0049] the 1st beer hall where the end was further connected electrically [ 81 ] in the lower shielding layer 70 in drawing 12 — a 
conductor — 82 — an end — the 1st beer hall — the 1st lead electrically connected to the other end of a conductor of— a 
conductor — 83 — the 1st lead — the 1st terminal electrode (connection pad) to which the other end of a conductor 82 was 
connected electrically — the 2nd lead to which the end was connected electrically [ 84 ] in the up shielding layer 124 — a 
conductor — 85 — an end — the 2nd lead — the 2nd beer hall electrically connected to the other end of a conductor 84 — a 
conductor — 86 — an end — the 2nd beer hall — the 3rd lead electrically connected to the other end of a conductor 85 — a 
conductor and 87 — the 3rd lead — the 2nd terminal electrode (connection pad) to which the other end of a conductor 86 was 
connected electrically is shown, respectively. 

[0050] Although the TMR layered product 72 is not shown in drawing, it has multilayer structure which contains a fundamental 
layer called an antiferromagnetism thin film layer, a lower ferromagnetism thin membrane layer (pinned layer), a tunnel barrier 
layer, and an up ferromagnetism thin membrane layer (free layer) at least. 

[0051] Fundamentally, the up ferromagnetism thin membrane layer (free layer) is constituted so that an external magnetic field 
may be answered and the sense of magnetization may change freely, and the lower ferromagnetism thin membrane layer (pinned 
layer; is constituted so that the magnetization direction may be suitable in the predetermined direction with the switched 
connection bias field between antiferromagnetism thin film layers. 

[0052] The lower shielding layer 70 and the up shielding layer 124 consist of monolayer structure or multilayer structure such as 
NiFe (permalloy). Sendust, CoFe. CoFeNi, or CoZrNb. 0.5-4 micrometers of thickness are 1-3 micrometers preferably. 
[0053] The lower gap layer 71 and the up gap layer 123 consist of a nonmagnetic conductor ingredient, for example Ta Cu 
aluminum. Ag. Au. Ti, TiW, Rh, Cr. In, Ir, Mg, Ru. W. and Zn, PtMn, RuRhMn(s), or those alloys. 5-70nm of thickness is 10-50nm 
preferably. 

[0054] As for the lower ferromagnetism thin membrane layer (pinned layer) and up ferromagnetism thin membrane layer (free 
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layer) in the TMR layered product 72. constituting from a high spin polarization ingredient is desirable, for example, monolayer 

lo^er Wo°L m I aVe »K tnJCtUr :' ^ 3S F f-°°- nicke \ CoFe ' NiFe - CoZrN ". or CoFeNi. are used. 1-10nm of thickness of a 
lower ferromagnetism ti,,n membrane layer (pinned layer) is 2-5nm preferably. If this thickness becomes thick too much, switched 
mTh TMR 7 m f aB ? et,Zat, °: 7 th an ant'ferromagnetism thin film layer will become weaker, and if thickness becomes thin too 
30nm nr^h 6 *£T T ° f ° f an ° P fe "°magnetism thin membrane layer (free layer) is 4- 

30nm preferably. If th.s thickness becomes th.ck too much, the output at the time of head actuation will decline, and the 
.nstabilrty of an output will increase according to a Barkhausen noise etc.. and if thickness becomes thin too much, the loss of 
power resulting from degradation of the TMR effectiveness will arise. 

™? ^nT" e !, ba £. er 1 ! ayer ln th6 ™ R ' ayered Pr ° duCt 72 Consists of aluminum 203. NiO. GdO. MgO and Ta 205. Mo02 and 
2fi« W02 1 grade : Th f ness ,s about °/ 5 - 2nm - Althou « h 3 »ing thin as much as possible is desirable from a viewpoint of low- 
resistance-value-King of a component, the thickness of this tunnel barrier layer is too thin not much, and since leakage current 
will flow if a pinhole is generated, it is not desirable. t-urrom 
[0056] Although the antiferromagnetism thin film layer in the TMR layered product 72 consists of PtMn and RuRhMn other 
common antifen-omagnetism ingredients can also be used for it. Thickness is about 6-30nm 

0057] Generally the additional insulator layer 127. the insulating gap layer 78. the 1st insulator layer 79. and the 2nd insulator 
layer 80 consist of aluminum 203. 

[0058] the 1st and 2nd beer halls - conductors 81 and 85 and the 1st. 2nd. and 3rd leads ~ the 1st and 2nd terminal 
electrodes (connect.cn pad) 83 and 87 are constituted from Cu. aluminum. Au. or Ag by conductors 82. 84. and 86 and the list 
however, the 2nd lead to which the end is electrically connected to the up shielding layer 124 - a conductor 84 may be formed 
with the same ingredient as this up shielding layer 124. 

[0059] the important point in this operation gestalt be constitute so that the distance between the lower shielding layer 70 and 

^ mp7 "crea.. substantially by form the additional insulator layer 127 on the insulating gap layer 78 in the 
aver L an n ^ w T ? * ^.T ' Conse «» e »^ *e capacitance CShield between a lower shielding 

mM^mXSZ f r° me Vr"' *° ^TT^ characteristics ° f *° ""^tic head improve remarkably 

» Vl • u micrometers of area of the part wh,ch has the potential of the up shielding layer 124 which is shown in drawing 
12 and which solves and is located on the lower shielding layer 70 in the case of the 2nd operation gestalt i.e.. the elecSode~^ 
lavt C 70 P „?H th wh,C t f "" ct,ons " 8 * apac *° r ' was 2 Calculated value by CAD), the capacitance between the lower shielding 
layer 70 and the up shielding layer 124 was CSh,eld=5.2pF. and the cut off frequency fc was fc=235MHz. However, the distance 

^TtTk 0W6r , 6 ™ ? «r 70 u and 0,6 " P Shie,di " g ' ayer ' 24 is ' ,0nm - amon « those *• «**"•»• of the insulating gap 
layer 78 by aluminum 203 is 52nm, the thickness of the additional insulator layer 127 is 150nm. and resistance of the TMR head 
containing lead wire is RHGA=130ohm. Since in the case of the conventional technique in which the additional insulator layer 127 
s not formed ,t is CSh,eld=10.2pF and is fc=120MH Z , according to this operation gestalt. CShield will become quite smaller than 
^conventional technique, and the frequency characteristics of the thin film magnetic head improve remarkably 

Z lo!ji£l*r? " S ** ° f ° f ' St ° Per8ti0n g6Stalt ma ntioned above ^out structure, an ingredient, thickness, 

the operation effectiveness, a modification mode. etc. of others in this 2nd operation gestalt 

L0062J Drawing J5 is a sectional view explaining a part of production process of the TMR mold thin film magnetic head in the 2nd 
thZt^msbeL a ' nS manufaCtUre approach of *• ™ R mold «*» »" magnetic head of this operation gestalt using 

[0063] First as shown in drawing 15 (A), patterning of the lower shielding layer 70 is formed and carried out. subsequently as 
shown m dramngJ5 (B). the insulator layer by aluminum 203 is formed on it flattening of the front face is carried out by 
rnn^TT?, process,n «- and rt 15 show " « Rawing 15 (C) - the time - the 1st - the insulator layer 79 is formed 
0064] Subsequently, as shown m d___ving_15 (D), the lower gap layer 71 is formed in the lower shielding layer 70. and the TMR 
layered product 72 ,s formed in the predetermined location on it. Subsequently, as shown in drawing_15 (E). patterning of the 
I laye ? d pr ° duC _ 72 ,s camed out - • *** etc is f °™ d . and the insulating gap layer 78 by aluminum 203 is formed on the 
r%Z?V y6r 71 ° f 0,6 0UtSide 0f 0,8 ™ R layered product 72 and *e 1st insulator layer 79 

EL„t n $ „T? t,y ' after ! orming *•. ha [ d ma ^ et 'avar 75 ( drawingJS ). by applying and carrying out patterning of the resist 
uTtMF laJll T„ C T S ; 7tr eVer 1 " Sh ° Wn 'T^^SLS^ CO in which a part of insulating gap layer 78 in the location where 
Snail o u P * 2 d06S " 0t CX,St camed out opening ' and a resist P attem 150 is formed 

(Tm SubseqUently - 88 sh0 T in dra T« 15 (G) ' after f °™ng tha i^ulator layer by aluminum 203 on it. as shown in drawing 15 
aver 127 „f h^- " T fu" ' P8 ? 8m 150 a " d ""necessary insulator layer on it are removed. The insulator 

exist is obtained °" * gaP ^ 78 h *• '° Cation where 0,8 ™ R layered product 72 does not 

^uL^r^t^v (,) ; While ;I° m,ing 408 up « ap la var 123 and the up shielding layer 124 on the TMR layered 

Uv er 78 of ,h" * !, ,T at ° r 'f Yer 2 " d i " SU,at0r layer 80 by a,uminum 203 is f0 ""ad on the insulating gap 

™«fll V ?^ S,de ° f ?\ S ° UP g8P l8yer 123 and the up shieldin « la V er ,24 - and the additional insulator layer 127 

Hm™iKi?H7 f S I T^ 0 " , g l Stalt ° f MS inV8nti0n ~ MR height or * e ,ower shi a' d ing layer of the TMR mold thin 
film magnetic head before throat height polish processing, an up shielding layer, and a lead - a conductor - it is the top view 
showing the configuration of a part roughly, drawing 17 is the A-A line sectional view of drewingig . and drawing 18 is the B-B 
ne secbonal view of *av^ngJ6 . in addition, the lead connected with a lower shielding layer and an up shielding layer in drawing 
tiiA Inuor k _ I co " ductor a "d a terminal electrode are expressed, illustration is omitted and. as for others, illustration"* 
fnnJoi ^ Kamitaira side of an up shielding layer is omitted by drawing 1 7 and drawing 1 8 

S^1 S ? T^T g8stalt f°n? bi nes the configuration of the 1st operation gestalt mentioned above and the 2nd operation 
gestalt The stiucture of others of th.s operation gestalt is completely the same as the 1st and 2nd operation gestalten 

2£SSf' gJ • ^ Same referenC6 ^ iS giVe " t0 0,8 C0mP ° n8 " t 8 " uiva,8nt to *Wfe«i - diawing.9 
[0070] The lower shielding layer of the electrode combination by which laminating formation was carried out in drawing 16 - 

$5££ £2? ITf^? , ? d ° eS " 0t illUStrate - T " 8 l0Wer g3P lay8r ° f *° 8lectrode ^bination by th7^nm7gnetic 
conductor by which laminating formation was camed out by flowing through 71 electrically with this lower shielding layer 70 on 
the lower sh.elding layer 70. The TMR layered product by which the laminating of 72 was carried out on the lower gap layer 71 
ith^ZZtT* T Wa * OUt TH ! UP g8P laV8r ° f th8 e,8Ctr0d8 "-"bination by the nonmagnetic conductor with ' 

IhSiT^T? 0 ? , W u S C8med ° Ut ° n *• ™ R ,ay8r8d Pr ° dUCt 72 and the additit " 1al insu, ator layer 127. The up 
shielding layer of the electrode combination by which laminating formation was carried out by flowing through 124 electrically with 
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this up gap layer 123 on the up gap layer 123, The hard bias layer which 75 gives the bias field for magnetic -domain control The 
crev.ce in which 76 was formed from the top face of the lower shielding layer 70 in the location where the TMR layered product 
72 does not exist The insulator layer of the 1st addition which 77 embedded the insulator ingredient in the crevice 76 and was 
formed, The insulating gap layer by the insulator formed by 78 enclosing the lower gap layer 71 and the TMR layered product 72 
on the lower shielding layer 70, The insulator layer of the 2nd addition by which 127 was formed on the insulating gap layer 78 in 
the ocation where the TMR layered product 72 does not exist The 1st insulator layer by which 79 was formed in the outside of 
the lower shielding layer 70, and the 2nd insulator layer which 80 is on the insulating gap layer 78, and was formed in the outside 
of the up gap layer 123 and the up shielding layer 124 are shown, respectively. 

[0071] the 1st beer hall where the end was further connected electrically [ 81 ] in the lower shielding layer 70 in drawing 16 — a 
conductor — 82 — an end — the 1st beer hall — the 1st lead electrically connected to the other end of a conductor 81~^- a 
conductor — 83 — the 1st lead — the 1st terminal electrode (connection pad) to which the other end of a conductor 82 was 
connected electrically — the 2nd lead to which the end was connected electrically [ 84 ] in the up shielding layer 124 — a 
conductor - 85 ~ an end - the 2nd lead - the 2nd beer hail electrically connected to the other end of a conductor 84 - a 
conductor - 86 - an end - the 2nd beer hall — the 3rd lead electrically connected to the other end of a conductor 85 - a 
conductor and 87 - the 3rd lead - the 2nd terminal electrode (connection pad) to which the other end of a conductor 86 was 
connected electrically is shown, respectively. 

[0072] Although the TMR layered product 72 is not shown in drawing, it has multilayer structure which contains a fundamental 
ayer called an antiferromagnetism thin film layer, a lower ferromagnetism thin membrane layer (pinned layer), a tunnel barrier 
layer, and an up ferromagnetism thin membrane layer (free layer) at least. 

[0073] Fundamentally, the up ferromagnetism thin membrane layer (free layer) is constituted so that an external magnetic field 
may be answered and the sense of magnetization may change freely, and the lower ferromagnetism thin membrane layer (pinned 
layer; is constituted so that the magnetization direction may be suitable in the predetermined direction with the switched 
connection bias field between antiferromagnetism thin film layers. 

[0074] The lower shielding layer 70 and the up shielding layer 124 consist of monolayer structure or multilayer structure, such as 
r^o ^ Y Sendust CoFe * CoFeNi ' or CoZrNb. 0.5-4 micrometers of thickness are 1-3 micrometers preferably 
10075J The lower gap layer 71 and the up gap layer 123 consist of a nonmagnetic conductor ingredient, for example Ta Cu 
aluminum. Ag. Au. Ti, TiW, Rh, Cr. In. Ir, Mg, Ru. W, and Zn, PtMn. RuRhMn(s). or those alloys. 5-70nm of thickness is 10-50nm 
preferably. 

[0076] As for the lower ferromagnetism thin membrane layer (pinned layer) and up ferromagnetism thin membrane layer (free 
layer; in the TMR layered product 72, constituting from a high spin polarization ingredient is desirable, for example monolayer 
structure or multilayer structure, such as Fe, Co. nickel, CoFe, NiFe, CoZrNb, or CoFeNi, are used. 1-10nm of thickness of a 
lower ferromagnetism thin membrane layer (pinned layer) is 2-5nm preferably. If this thickness becomes thick too much switched 
connection bias magnetization with an antiferromagnetism thin film layer will become weaker, and if thickness becomes thin too 
much. TMR rate of change will decrease. 2-50nm of thickness of an up ferromagnetism thin membrane layer (free layer) is 4- 
30nm preferably. If this thickness becomes thick too much, the output at the time of head actuation will decline, and the 
instability of an output will increase according to a Barkhausen noise etc.. and if thickness becomes thin too much, the loss of 
power resulting from degradation of the TMR effectiveness will arise. 

[0077] "^ tunnel barrier layer in the TMR layered product 72 consists of aluminum 203, NiO, GdO, MgO and Ta 205 Mo02 and 
T.02, or W02 grade. Thickness is about 0.5-2nm. Although a thing thin as much as possible is desirable from a viewpoint of low- 
res.stance-value-iz.ng of a component, the thickness of this tunnel barrier layer is too thin not much, and since leakage current 
will flow if a pinhole is generated, it is not desirable. 

[0078] Although the antiferromagnetism thin film layer in the TMR layered product 72 consists of PtMn and RuRhMn other 
common antiferromagnetism ingredients can also be used for it. Thickness is about 6-30nm 

[0079] Generally the 1 st and the insulator layers 77 and 1 27 of the 2nd addition, the insulating gap layer 78, the 1 st insulator 
layer 79, and the 2nd insulator layer 80 consist of aluminum 203. 

[0080] the 1st and 2nd beer halls — conductors 81 and 85 and the 1st. 2nd, and 3rd leads - the 1st and 2nd terminal 
electrodes (connection pad) 83 and 87 are constituted from Cu, aluminum. Au. or Ag by conductors 82, 84, and 86 and the list 
however, the 2nd lead to which the end is electrically connected to the up shielding layer 124 - a conductor 84 may be formed 
with the same ingredient as this up shielding layer 124. 

[0081] In the location where the MR layered product 72 does not exist, as for the important point in this operation gestalt a 
crevice 76 is established in the lower shielding layer 70, and the insulator layer 77 of the 1st addition is embedded into it It is in 
the point constituted so that the distance between the lower shielding layer 70 and the up gap layer 123 may increase 
considerably substantially by forming the insulator layer 127 of the 2nd addition on the insulating gap layer 78 in the location 
where the MR layered product 72 does not exist in a list Consequently, since the capacitance CShield between a lower shielding 
rrTo r o? n c Tnoon * ,ayer becomes smal1 - the ^quency characteristics of the thin film magnetic head improve remarkably. 
0O8ZJS= 10230 micrometers of area of the part which has the potential of the up shielding layer 124 which is shown in drawing 
16 and which solves and is located on the lower shielding layer 70 in the case of the 3rd operation gestalt. i.e.. the electrode " 
surface product which functions as a capacitor, was 2 (calculated value by CAD), the capacitance between the lower shielding 
layer 70 and the up shielding layer 124 was CShield=4.4pF. and the cut off frequency fc was fc=278MHz. However, the distance 
between the lower shielding layer 70 and the up shielding layer 124 is 110nm, among those the thickness of the insulating gap 
tmdZ by . a,um,n " m 203 is 52nm ' the thickness of the insulator layer 77 of the 1st addition is 150nm, and resistance of the 
ouoA-fon thickness of the insulator layer 127 of the 2nd addition is also 150nm. and contains lead wire is 

RHGA=130ohm. Since in the case of the conventional technique in which the additional insulator layers 77 and 127 are not 
formed it is CSh.eld=10.2pF and is fc=120MHz, according to this operation gestalt. CShield will become small sharply from the 
fft^T 1 ' 0 " 3 teChn,qU6 ' tHe frequency characteristics of the thin film magnetic head improve remarkably 
L0083J It is the same as that of the case of the 1st operation gestalt mentioned above and the 2nd operation gestalt about 
rn^T 30 ,n ^ d,ent thickness, the operation effectiveness, a modification mode. etc. of others in this 3rd operation gestaK 
L0084J Qraw.ngJ9 and drawing 20 are the sectional views explaining a part of production process of the TMR mold thin film 
magnetic head in the 3rd operation gestalt, and explain the manufacture approach of the TMR mold thin film magnetic head of 
this operation gestalt using these drawings below. 

[0085] First, as shown in drawing 19 (A), patterning of the lower shielding layer 70 is formed and carried out. subsequently as 
shown in drawingj 9 (B), the insulator layer by aluminum 203 is formed on it flattening of the front face is carried out by 
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processing, and it is shown in drawing J? (C) - the time - the 1st - the insulator layer 79 is formed 
[0086J Subsequently, by applying and carrying out patterning of the resist ingredient on it. it comes, whenever it is shown in 
drawmg jg {D) in which a part of lower shielding layer 70 in the location where the TMR layered product 72 does not exist carried 
out opening and a resist pattern 100 is formed. Subsequently, by performing ion milling through this resist pattern 100, as shown 

drawing, 1 9 (E). a crevice 76 is formed in the lower shielding layer 70 in the location where the TMR layered product 72 does 
not exist 

[0087] Subsequently, as shown in drawing 19 (F). after forming the insulator layer by aluminum 203 on it. as shown in drawing 19 
KG) lift-off processing is performed and a resist pattern 100 and the unnecessary insulator layer on it are removed — 
Subsequently, by performing CMP processing, flattening of the front face is carried out. and as shown in drawing 19 (H) the 
insulator layer 77 of the addition embedded in the crevice 76 is obtained. 

[0088] Then, as shown in drawing 20 (A), the TMR layered product 72 is formed the lower gap layer 71 and on it in the 
predetermined location of the lower shielding layer 70. Subsequently, as shown in drawing 20 (B). patterning of the TMR layered 
product 72 is carried out a joint etc. is formed, and the insulating gap layer 78 by aluminum 203 is formed on the lower gap layer 
71 and the lower shielding layer 70 of the outside of the TMR layered product 72. the insulator layer 77 of the 1st addition and 
the 1st insulator layer 79. 

[0089] Subsequently, after forming the hard magnet layer 75 ( oVawing J7 ). by applying and carrying out patterning of the resist 
mgredient on it it comes, whenever it is shown in drawing 20 (C) in which a part of insulating gap layer 78 in the location where 
the TMR layered product 72 does not exist carried out opening, and a resist pattern 150 is formed 

£? 9 ,°2 S " bsec|uent, y' as snown in drawi "* 20 «». after forming the insulator layer by aluminum 203 on it. as shown in drawing 20 
r!° e o S,ng ,S performed and a resist P attem 150 * n <* the unnecessary insulator layer on it are removed. The insulator 
layer 127 of the 2nd addition formed by this on the insulating gap layer 78 in the location where the TMR layered product 72 
does not exist is obtained. 

[0091] Then, as shown in drawing 20 (F). while forming the up gap layer 123 and the up shielding layer 124 on the TMR layered 
product 72 and the insulator layer 127 of the 2nd addition, the 2nd insulator layer 80 by aluminum 203 is formed on the insulating 
gap layer 78 of the outside of these up gap layer 123 and the up shielding layer 124. and the insulator layer 127 of the 2nd 
addition. 

[0092] the 2nd lead in each operation gestalt mentioned above — a conductor 84 and the 2nd beer hall — about a conductor 85 
if patterning is earned out so that the area of the part located on those lower shielding layers may become small the 
capacitance CShield between a lower shielding layer and an up shielding layer can be made smaller, and the frequency 
characteristics of the thin film magnetic head can be raised more. 

[0093] | Furttermore. in each operation gestalt mentioned above, although the insulating gap layer 78 and the additional insulator 
layer 77.127 are formed with aluminum 203 By constituting all or a part of these parts from an insulating material 4 with a 
dielectric constant lower than aluminum 203. for example. Si3N. Co-gamma Fe 203 (hematite), or Si02 It is possible to be able 
to reduce the capacitance CShield between shielding layers further, and to raise the frequency characteristics of the thin film 
magnetic head more. 

[0094] If it constitutes so that the thickness of the insulating gap layer 78 may become large, when only the part in which 
thickness of TMR layered product 72 the very thing in each operation gestalt mentioned above is greatly carried out further 
again, or the TMR layered product 72 is formed thickens the lower gap layer 71. the capacitance CShield between shielding 
layers can be reduced further, and it will become possible to raise the frequency characteristics of the thin film magnetic head 
more. 

[0095] In the operation gestalt described above, although the TMR layered product which has one kind of structure is used this 
invention is applicable also about the TMR layered product in a side with an antiferromagnetism layer far from a substrate S e a 
top. and the other TMR components of various structures. Moreover, it is completely applicable similarly about the CPP-GMR 
head equipped with the CPP-GMR component of what kind of structure of passing not only a TMR head but a sense current to a 
laminating side and a perpendicular direction. 

[0096] This invention cannot be shown in instantiation, and not all the operation gestagen described above can show it 
restrictively, and can carry out this invention in other various deformation modes and modification modes. Therefore, the range of 
this invention is specified by only a claim and its equal range 
[0097] 

[Effect of the Invention] Since the additional insulator layer is formed according to this invention so that the distance between a 
lower shielding layer and an up gap layer may increase in the location where MR layered product does not exist as explained to 
the detail above the capacitance CShield between a lower shielding layer and an up shielding layer becomes small. Consequently 
the frequency characteristics of the thin film magnetic head improve remarkably. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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I.This document has been translated by computer. So the translation may not reflect the original precisely 
Z.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS — ™^ 

[Brief Description of the Drawings] 

[QrawjngJ] It is drawing which looked at the CIP-GMR component which has general structure from ABS 

™SL§{ JJ ! s d u rawin * w hich looked at the TMR component or CPP-GMR component which has general structure from ABS 

LDrawmg 3] It is the representative circuit schematic of a CIP-GMR component. 

[ Drawing 4 ] It is the representative circuit schematic of a TMR component or a CPP-GMR component 

[Drawing. 5] In the equal circuit shown in oVawingJ , it is drawing showing the opposite frequency characteristics of the 

magnitude of attenuation in case the capacitance between shielding layers is CShield=6pF 

[Drawing 61 In the equal circuit shown in drawing 4 , it is drawing showing the opposite frequency characteristics of the 
magnitude of attenuation in case the capacitance between shielding layers is CShield=1pF 

[Drawjng.7] as the 1st operation gestalt of this invention - the lower shielding layer of the TMR mold thin film magnetic head an 
up sn.eld.ng layer, and a lead - a conductor - it is the top view showing the configuration of a part roughly 
[Drawing 8] It is the A-A line sectional view of drawing 7 . 
[Drawing 9] It is the B-B line sectional view of drawin g 7 . 

[Pj^ng.10] It is a sectional view explaining a part of production process of the TMR mold thin film magnetic head in the 1st 
operation gestalt. 

[Drawing 11] It is a sectional view explaining a part of production process of the TMR mold thin film magnetic head in the 1st 
operation gestalt. 

[Prawin^J?] as the 2nd operation gestalt of this invention - the lower shielding layer of the TMR mold thin film magnetic head 
an up sh.eld.ng layer, and a lead - a conductor - it is the top view showing the configuration of a part roughly 
LDrawing 131 It is the A-A line sectional view of drawing 12 . 
[DrawingJ4] It is the B-B line sectional view of drawing 12 . 

[DrawjpgJ5] It is a sectional view explaining a part of production process of the TMR mold thin film magnetic head in the 2nd 
operation gestalt. 

[Drawing 16] as the 3rd operation gestalt of this invention - the lower shielding layer of the TMR mold thin film magnetic head 
an up shielding layer, and a lead — a conductor - it is the top view showing the configuration of a part roughly 
Li^awjng JJJ It is the A-A l ine sectional view of drawing 16 </AX 
[Dr§w]ngJ8j It is the B-B line sectional view of dra wing 1 6 . 

[Drawing 19] It is a sectional view explaining a part of production process of the TMR mold thin film magnetic head in the 3rd 
operation gestalt. 

[Drawing^] It is a sectional view explaining a part of production process of the TMR mold thin film magnetic head in the 3rd 
operation gestalt. 
[Description of Notations] 

70 Lower Shielding Layer 

71 Lower Gap Layer 

72 TMR Layered Product 

73.123 Up gap layer 

74.124 Up shielding layer 

75 Hard Bias Layer 

76 Crevice 

77,127 Additional insulator layer 

78 Insulating Gap Layer 

79 1 st Insulator Layer 

80 2nd Insulator Layer 

81 1st Beer Hall — Conductor 

82 1st Lead — Conductor 

83 1st Terminal Electrode 

84 2nd Lead — Conductor 

85 2nd Beer Hall — Conductor 

86 3rd Lead — Conductor 

87 2nd Terminal Electrode 
100 150 Resist pattern layer 
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[0 0 2 6] iin6«DiajC3S^Tv 7 OttEifvLfcl-'g 

^±im®m^tircmmmm(DTm'y-ivm. 71 
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»*T8i5->-/U Kg 7 0±{CC<DT8B->-/P Kg 7 0 tW 

mm<»Tm*+ v rg, 7 2 «tsp^+ •> yg 7 1 ±ic 

fllg*n/\^-->^fig*tl/cTMRag«:, 7 31* 
i:t.TMR«g{*7 2±lC«gff;fiE?n/c?^tt 
»®ftlC<fc*1gffi3g;§CO±3i*Y » 7g, 7 4tt±gp* 
7g 7 3±fcC0±854f-v 7 717 3 .hm^lcS* 
iiLTfl|g»J«*n/caffi*ffl(D±gi5->-y|/Kgs 7 5 
l*«E#Jffii<Z>/c«><D/ W 7 XSHlff ^W4"T 5/ \- K/ \V 
T'Xg, 7 6l*TMRfcgtt7 2*ft?SL£lMfiBlCfc II 
lTTS?->-;U Kg 7 0 0±ffifr6ffJ/$;*-*l/cDagi5, 7 
7 ttPSgp 7 6 ft IC|MMttm« Mtt>&h,Z'B0t2tltc ig 
»D<D*&JiWl, 7 8 Wli)!lD<DjeJi»g 7 7 StTFSP->- 
Kg 7 0±»C, TS?¥+ •> 7g 7 1 &tft M Rffigf* 
7 2£Ky H^T-JB^tlfc^JifltjC^^Jftili^Y 7 
g, 7 9 l*TsU->-/t> Kg 7 0<DnmiZBtittt\rc& 1 
<*>Jfig<*g, 8 0 Mm* * •> 7g 7 8 ±T'25 ^> T±S5 
7g 7 3 Stf ±S5->-/l/ Kg 7 4 O^MWc^fiU* 

nrcm2ojfegf*g^^-n : Fn^LTt^-5o 

[00 2 7] E)7tC33l^T, 8 1 tt-ig#T& 20 

->-;b Kg 7 oizm%mzmmztircm 1 ee?*-^ 

8 Ut-m&fl; 1 Wt*7*-/l/SH*8 1 4H&JIIC 

ffimwic^s-n/c^ 1 (DV— K«fc 8 3 tttg 1 © y 
- Kfcft 8 2 cflffi^tf ®^Wfc£|B;2rn/c3l 1 <D^m 

m mm/tvbi , 8 4ii-^±gi5->-;uKg7 4(c 

SSWfC^SIi-ti/cS 2 O y - K$tt, 8 5 M 
2(0 'J - K©i*8 4OfS4SlcmmWlCg^ti/cm2c0 
fc5M?-/MMfc 8 6 tt-^m 2 (7) bf 7>*-f MM* 8 

5 (Df64sicsm«(cs^j nrc&3 © y - mw. 8 7 
am 3<D'j- KWf* s e <Mmmmc®m*ftrcm 30 

2(WF11|i K) Sf-ftftiSLTV*. 

[0 0 2 8] TMR«g{*7 2»*, EHCliSS-ftTlOfc 
l^tf. KBHKttWgg, TSK£«K14»Jgg (tf V K 

g) , h>*itoWTmikv±mmtsuai (?y- 

g) tC^**«*g^'^<tt > §tr^g«?ji<!:«:o 
[0 0 2 9] ±SP«fitt1i»/Sg (7>;-g) 14, 

?lc«fi£drftT;J5y, Tasasill^isg (tfvKg) 

I*, R^5K14»JSgtroP^(DXlft^^/^7'XSKfflc c t 40 

f>s. 

[0 0 3 0] TSPv'-/!/ Kg 7 0&tf±§B->-/l/ Kg 7 
4tt, N i Fe (/t-TP<f) , *>$fXK CoF 
e, CoFeNi X»*C o Z r N bg©U»g;fgi§xi*£ 
g«i§T*lgfiE*n5„ Kill*, 0. 5~4fjm, BJL 
<li1~3t/mT-«5 5 

[003 1] TWt7717 1»t/±giJ^i"yyg7 
31*, '#Btttffl|**m. «*«Ta» Cu, Al, A 
g» Au, Ti v TiW> Rh. Cr> In. I r, M 50 
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g, Ru> W, Zn, PtMngKBRuRhMn, 

xii^new^T-fiifiEa-n-So mmu. 5~7 0n 

m, #$L<I*1 0~5 0 nrnT'SS, 
[0032] T M R ftgft 7 2 K J3tt-5T8i5aiK148E 

g (ev Kg) &tf±gp&fiKi4gi!!g (7<;-g) »*, 

Fe, Co, N i, CoFe, NiFe, CoZrNb 
XI*C o F e N i ^<DJ|ig«:SXI*£gJ8iitfffi^Sft 
5. TSSSSSttteSHg (tf> Kg) Wflg/f fi, 1 ~ i o 
10 nm, #£L<I*2~5 nmT'SS. COISJIiWKfc 

sssy, fi/i6^<35:yr^5<!:TMRs:ffc$A^-r 

So ±8P&J&14-3?!!g (7'J-g) <D|gJ?(*, 2~5 0 
nm, tf£L<l*4~3 0nmT l 355. Z<Dlgmtfm< 
teVTZZtss"; K»lfP^<Daj776M6T Lfr^/ 0I/-7/ \ 

6^ < £ »; r ^ £ <tTMR j»so^b»cfiH-r saa73ffi 

[0 0 3 3] TMRagf*7 HCtsVZ \~>%.I\,/VJ7 
20 gl*, AI2O3, NiO, GdO, MgO, TazO 
5 . M0O2 . T i O2 X«W0 2 lf^S*Sfig3-nS„ 
SiJIli, 0. 5~2nmSS?$4. h V^yl//^; 

m»z t6^a$ y swrrtrv*-/w«t 

[0034] TMR «gf* 7 2 lCfcltSS®fi814^|gg 
«!lilfP t Mru RuRhMn 7?t%l8,$tl%>tf^0) 

W6~3 0nmgJtT'*S„ 

30 [003 s] mm<?)!mtoM7 7, jes** ->7g7 

8, mi<Dt6Sttg7 9S^m2<7)|6!liflEg8 0(i, - 
flSMcliA I 2 03 T'fiJfiE*n-5„ 
[0 0 3 6] SI SW=m2(Dt7*-/l/8H*8 1 &tf8 

5, IK S2S^3<oy-K»l*8 2, 8 4J&1/8 

6. Mmcmistfm2offi?me K) 8 3 

Stf8 7W\ Cu. Al, AuXttAg^T'fllfiES-tl 
*. rcfcU -W±SP->-yl/Kg7 4tcamWlc«»f| 
*nTUSm2<Dy-K®»8 4 5, C0)±g?->-/UK 
g 7 4 £ (5l C^T-JBfiE L T*> * t\ 

» [0037] xmrnBrnictsitzngft** > hi*, m 

Rfcgtt7 2&&&L1Zl^Sim\Z$S^TT8l ;: s-ll Kg 

7oiccagp7 66^igiteti, ^ro^iciijjn^^fltg? 

7&mtt>&£nT^ZZ.t\C£V, TSB">-/UKg7 0 
S^SS^* 7g 7 3 P^<DffiSlii^SMlcti^-rs J: 
^Ic^tfigi-nTt^^lc^S, TS5->-/PK 
gStf±35->-yl/ KgKJO**/t->^>XC 

shield < £^ot', aiisiatt^'y Kroaa 
smittf g l < iR]±-r soT*iBs. 

[00381 07 ICtVT CNh (DUffiJB^Ofll^, 
3 TSP->-/l/ Kg 7 0±lci4«-rS±SP->-/l/ Kg 7 AO) 



&B82002-025018 



«mffiii«ttS=1 02 3 0^m2 (CADJCfcSH* 
fit) T'& U » TSP->-yl/ Kit 7 0 &tf±SP->-/P KH 7 
4F5<0*-W\v'*VX(iCshiei<i =5. 2pFT 

A'^*7@iafcttfc = 235MHzT'« 
o/to fc/£U T8Bv'-/l/K®7o;&tf±g&>'-;l/K® 
7 4P3Wffii8l*1 1 OnmT'fc'A *<7)-55 v A I 2 0 
3 Icj:5jft»^t y7il7 80>ffi®tt5 2 nmT*iB»A 
P3»7 6««*tt1 5 0nm, ftoTStlWimtt® 7 
70)®m*>l 5 0nmT'$'A 'J-KimTMR'x 10 
7 KcDStatt R h g a =130nT'S5. fcfcv 

glUlf*7h+7Mf c»*f c = 1/ (2/rR 

HGA Cshieid ) frSJWiT**. H^Xttltm 

UUBWcTMR/Vy R±, ^CDTMRifil^^TtftSi: 
LTNiCr (3nm) , £&Mftm®® t LT P tM 
n (Mnm), TSPS5i«1i»(i® (tfVKJf) i LT 
CoFe (2nm) /R u (0. 8nm) /CoFe 
(2nmK h >*/!// W7®£LT A I Ox. ±g?& 20 
BtttSJIS® (7-;-®) t LTC o F e (2nm) /N 
i Fe (4nm), 7 7®£: LTN i Cr (3n 

m) zm%.m®Lrc®i$zijLTi^. 
[0039] -to, mmo)!mto;®7 7^fm^^ 

SffirWlin, Cshieid =10. 2pFT3atK f 
c = 120MHzT^;„ ft^T. **«8reggtcift 
(fx Cshieid A^3R«W<fcy6>Zi:y/jx?< 

[oo4o] 01 ostflgi 1^ nioxmrnn 
vzTMRSimmmm'sv mn^xmo-^wimt 30 

[004 1] 01 0 (A) lZ7nt^5^ TSP-> 
-;bK®7 0*fiE^L/\ o ^--v^-r«. %^T% 1211 
0 (B) »CgVrJ:?fc, *<D±KA I2O3 KJr-SiftJi 

mtLT. 010 (C) 1<D|g||{tj|7 

9sra/$r*. 

[0042] *o±ic u-7* h torn®.*; U i 

*-->9**S.tK*V % TMR«®{*7 2(D??SL 40 
£LMuHlc£tt5T8?->-/U K® 7 0 0)— SBtflUP L 
fc» 010 (D) fc^rC£*Uv>3.h/\"*->i 0 0 
ZBfttZo m>T\ C^Uv'xh/^-yioo^ft 
LT<*>5y>^T5ctJcj:y. Hi o (E) (c 
«nrj:?lC» TMR^fli:7 2(DSffiL*^ffl^Cd3tt 
STSPv'-/!/ Kg 7 0 tCEHJgp 7 6 mmttlZ. 

[0 0 4 3] *C>T\ 1211 0 (F) lzmT&?iC*0)± 
KA I 2 0 3 ££%tmi*l§Zl£®Lrc&. 010 

(G) (C/-j»r<t-ptc. h*7*8g£firoTUS>Xh 
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•5„ 5!UT', CMPSas^T-pdttCi-pTSffi^tB 
<bLT\ 010 (H) |=3iTi?fc<, IHig57 6^Cg«, 

&*titcmm<D!mto®7 7*®%, 

[0 0 4 4] 01 1 (A) J® 

-y-n k® 7 o comstaEjc, T8?=F> 7 7® 7 1 

; E-©±lCTMR«®»7 2^(Sr5o 01 1 

(B) -5 IC, TMRfc®fc7 2£/\•*--y?■ 

LT«Sg|5fc<^:£flJ/SU TgB*+7 7®7 1StfTM 
R»®tt 7 2 «D^ffliJ(DTSP->-/U K® 7 0, iljMXDJfeig 
i*®7 7SlUm^O)lmto®7 9±lCA I 2 03 »CJ:5 

7 7178 fctflgr*. 
[0 0 4 5] n-K?W»H75 (08) 

*JB*Lfe». 011 (C) IC^-r«fc3tc, TMRfl® 
7 2 JLtChgp^ + 7 717 3 Sl/±gP>7-;|/ K® 7 4 
ZBt$,TZtmcz:tie>±&¥+ 7 7® 7 3Slf±gp>/ 
-/U H® 7 4 CDttffliJcDJ&HS*-*' 7 7® 7 8 ±K A I 2 O 

[0 0 4 6] 01 2lt*%W<D&2<DnmB®tLTs 

m r / vr h x i* x a - h / u h w^nisuw t m r mm 

(Sam's -y K©T»*>-/UK®» ±35v'-/UK®&tf'; 
- F®i*®X(D®fiLZm9&ff3lcir>T¥mmT'&V, 01 
31*01 2<DA-AJ8Br®0T'd5y, 01 41*01 205 
B-BJ8»fS|2]T*d5^o 01 2T-ttT8B->-^K 
®&tf±&->-/l/ K®tdtl5»c^^n5';- K»tt 
<t4S?ffiffi<D*^5*n^<D«!!l*0^6^liS?tlTfc 
•A 01 3&tf01 4T-tt±SP->-/bK®0±Tai«i:»; 
±#J<D®<D0,7;6^BS3-nTt>-5 1> 

[0047] z(om20)mmmm^ t»->-/pk®7 

0St;±a5=Pt 7 7112 3P^OSiiSil*li*^-y-«li»D 
©WWMHteS* + 7 7112 3 ODT® t LTJBfig* 

do-5. KfoT. 01 2~01 4lCd3^T1*. 07~09 
[0048] 01 2~01 4KJ5^T» 7Ott0^L3S 
7 1 ttT»->-/l/ Kfl 7 0±(CC©T^v'-;l/ K®7 0 
W&mm<DT&* + 7 7®, 7 2 liTSB* + 7 7® 7 1 

±^«®*n/^--v^figjnrcTMRfB®f*s i 

2 3ttTMR«®»7 2JklfEnU<Dimto®1 2 7±iZ 

%i%tti&*nrc}mtemwmzj:zm®mmo)±®xir 

7 7®, 12 4 li±g|5** 7 7112 3 ±tCC<D±gi5* 
+ 7 71 1 2 3 tSmtfHCWfflLTfcl^Jftfcllffi 

*fflw±spv'-/i/ k®> 7 5 im&#m<Drctt>o)/ u t 

X8aSff \- K/ \V?X1, 7 8 WTSB->-/l/ 

K® 7 0±tC, TS3*+ 7 7® 7 1 S^T M R«®» 7 

2 *w) mh,?Bf£ztirctmmz £ztm*+ * 7 

®, 1 2 7 tt T M R «®{«; 7 2 #S L*t>(5ZBH:i5L> 
TJg»^+ 7 7® 7 8±Kfl?fig*;ftf c igapco|6Ji{«i, 
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7 9l*T8S->-^ KJI 7 0<DftQ!HzBfitt:tlfcs£ 1 OJ6 
IftttJl. 8 OliSfig** y 7J§ 7 8±-ra-3T±8P¥t 
'^112 3»l/±gp->-/i/ KJI 1 2 4<*WffliJKfl?j«;!r 
ftfcS 2 <*>*6iH*JiS**i-Fft;j* LTl>-5„ 
[0 0 4 9] 01 5r6lC. 8 1 

as->-iu k/I7 oicmmwics^ft/csg i <dzt*- 
8 2i*-^m 1 ox?*- urn* a 1 <o«4s 
icuswicfcussn/csr i<d>j- kv*. 8 3 iian © 

mffi OMR/ty K) . 8 4tt-*tf±».>-;UKJI1 2 10 

4 icn%mc&m*nrcfg 20 <j- KVft* 8 5 
w 2 © v - K9* 8 4 ettiiic«ft»icftM*nfcx 

2 <*> £7 8 6tt-«ifl«»2©e7*-yWI» 

ft 8 5 wtt«afcramttK8H8£ nrcm 3 <*> u - rant. 

8 7li?g3<3';- K9» 8 6 0MMbP«mclMJKrti 

[00 5 0] TMR«Jfft;7 2l*. HlCtt^tlTL^ 
A) . h W7flgtf±*mH£IHI (7';- 20 

[005 1 j ±eHHKtt*M (7 i*. s*w 
'T, *<w«t»iSiitfBfS3?iRiiciS3< «t 3ic4t/s&ti? 

[0 0 5 2] TSP->-/l/ KJI 7 0&lf±Sp->-/P KJi 1 
2 4tt, NiFe , -feV^XK CoF 30 

e, CoFeNi XliC o Z r N b gOigJffgJtXtt? 
E*ailT*«tfiE*ft5<, Wftt. 0. 5~4>im, »$L 
<li1~3pmT*2D3o 

[0053] TSB¥v 7717 1 fttf±8¥+ •> 7® 1 
2 3tt, #tttt»««««k «*HTTa» Cu, Al, 
Ag, Au. Tl. TiW t Rh. Cr, In, I r\ 
Mg, Ru. W, Zn, P t MngLOiR u R hM 
n, Xtt-f-tl6tO^T*fi!J«*n*o mmU. 5~7 0 
nn>. »$L<»1 0~5 0nmT-35*. 

[0 0 5 4] TMRMft7 2lC£(7«TVttBttM| 40 

■ (evKS) &tF±aHNW£WM (7>;-jf) 

Fe. Co, Ni, CoFe, NiFe. CoZrNb 

xttc o f e n i $omatmx.i*$mm&mve>n 
*. T&mt&mmm (trvKJw oatm*. i~i o 

nim »$L<l*2~5nmT*S5„ COHJItfJK ft 

±gS8fl&tt8Jg/f (71/ HI) ©Siii(i. 2-50 
nm. JftL<li4~3 0nmT*$«, C05J8J?jWI< 50 
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tf*< ft y T M RSUR(0mic8Br«tt7]fi 

[0055] TMR «JBf* 7 2 iCfctf* h W 7 

/f»i, AhOa, NiO, GdO. MgO. Ta 2 O 

s . M002 . t i 02 xttwc>2 w&enoteti*. 

JMJII*. 0. 5~2 nmgjrc-ifc*. C0>h>*/l'/fy 

C*,!: V-VWUfittlZ L* ?©T8$ L < ftt\ 
[0056] TMR fMft 7 2 fc£(7^Etttttt*gtj| 
tt> 0U*fcf P t M n. RuRhMn ?mti(.ZtLZ&*0> 

fl*o^»ftKsmw*m**cfct,?**. ®j? 

«:6~3 0nmgJgT'35S„ 

[0 0 5 7] ji»0<OJ6lSftji 1 2 7, Jfcg** y 7S7 
8, SfMO^Wf 7 9&tf?g2<D|&liWl8 0tt. - 
fiSWlcliA I 2 O3 T'«fiE*n^„ 
[0 0 5 8] Xl»tf£2(De7*-/l/3Wt8 1Stf8 

5. UK H2£tf|g3C0y-K©tt8 2. 8 4&tf8 

6. *2tflCft1&cm20«mUI ONI/fyh*) 8 3 
Stf8 7»i, Cu, A I, AuXliAg«TflU$$tl 
•So fc7£U -JS#±gp->-/|, KS 1 2 4tcHMWlc« 

KJ1 1 2 4 &ni:tmT»J«LT^J:b\ 

[0059] *%tmmiasitzBmi&#<{ynt. m 
R«/i<* 7 2 Lft t^t^g^cfeL^T^6M^4 ^ •v •> 7j§ 
7 8±»cii)tinojfegftii 1 2 7«t»«a-nT^*c tic 

£ y , KJI 7 0 &tf ±g&=F> y 7/1 1 2 3 R3 

* + /\'->?>XCShield fi</J\* < ft-SOT. -»JJI 

W^y KflM»l91!iH|L<fth««)TO*. 
[0 0 6 0] 01 2»C^-TC4:*gi2(DllJ5S»a|05« 
TS?-7-;l/ KJI 7 0±»c(CS-r5±SP->-yl/ K/f 1 
2 40«tt«*r«»«M>im« W«*t/«->*fcLT 
SMJir5Bfil®«l*S=1 0230^m2 (CADICJ: 
SIMVflD T'Sy. TSPv'-/l/KJ17 0Stf±^->-/|/ 
KJB1 2 4^<0*V/\'->^VXIiC Shield =5. 
2pFT*V. *y h*7S»»f clif c = 2 3 5M 
HzT'&itc. fcf£U TgP->-/l/K«7 0St;±gp>' 
-;l/KJ11 2 4F^<D!SSII*1 1 OnmWU, ^O? 
^. A I 2 03 ICcfc5^«i^^'>7Ji7 8©JSJ1«5 2 
n mT'25 y, ii»D<D*felgft® 1 2 7 QJWKi 1 5 0 n m 

y » y - Ki8« tmr'nv Keis&itt r hga 

= 1 3 0OTS«. iiJinOSfegMtg 1 2 7«SttftlHX 
SESIfiOfll^, C Shi eid =10. 2pFTSy. 
f c = 1 2 0 M H z T'££frS % *ftttKClC £ft|& 

cshieid fi ? U£3iEati5«ty^ay/)\a , < 451: tt 
ftysMBWK'sy K©saamit6^L<ifii±r*. 
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[0061] ZO&KDgffiBmKiSltZtCDi&O® 

[oo6 2] 01 5«, m20)nmmm\z)3if^TMR 
$ y > &.T®mzm^T*nmB*&o)T m RaggR-sac 

[0 0 6 3] **\ El 5 (A) iC^-TidlC. TSP-> 
-/l/KJ17 0*riaiL-/'t5r--vyr<5. ^fT'v ill 
5 (B) lC5Vr<fc5H:. *©±U:A I 2 03 ICtSJftS 10 

mittz. ei 5 (o ic^-rc?t*^io$eiBi«:®7 

[0 0 6 4] #l^T\ 015 (D) lcmT£o\Z. TSP 
->-/U Kl 7 0 tCTSP^t 7 7® 7 1 %fS.m U *<D± 

omfciumzT Mnm®i*7 2*fm?z, 0 -^z\ 0 

15 (E) icmt*?^ TMR«H*7 2-£/\°$-r 
>7'LT»£2B££'£fl?fi£U TMRiB®(!|s;7 2©{-iffl) 
OTg?*+ 7 71 7 1 &tfSI 1 ©$8*H*1 7 9 ±|C A I 
2 0 3 \Z&%!m*+ 7^17 8 £ /SJgiTSo 20 

[0 0 6 5] ^iv?* /\- KV?*y H7 5 (01 

3) zmmLtcm. *<r>±\z\s*jxvtin*m&u& 

--V^r*CttcJ:y, TMR»l(*7 2©£&Lfc 
ftaHlCfctt^JftS*'-^ 7 7*17 8 ©— gPtfUIP Lfcs 
01 5 (F) »C^fCt*U^Xh/t^->1 S0«)6 

[0 0 6 6] 01 5 (G) lC^rj:5lc?-05± 

KA I 2 Os fC«t«Jftg»S*fiEISL/i:^ 01 5 
(H) K/tVTJ:-"?^ VtyVm&Vs-oT^-JXV 

5. Cft»Cj;y, TM RSIW 7 2©§£L& IMttfitC 
817*1611* * 7 7S7 8 ±iCBfiLZtircma<Dimto 
SI 2 7£i#S 0 

[0 0 6 7] «Hfc 015 (I) lC^-r«t5lC, TM 

raw* 7 2&vmw!mtom 1 2 7±jc±gp^+ 7 

7® 1 2 3&tf±0$'-/-/ KM 1 2 4«JBJgr«&£|c 
C*h6±&¥* 7 7*1123 Slf±gp->-/U KM 1 2 4 

©wij©ife*i*+ 7 7-17 8 mvmmnmmm 1 2 7 

-tlC A I 2 03 (C«fc5m2(0itfeg*|E®8 0^fi£ , S-r-5. 
[0068] 01 6lt*%W<Dm3<DnMBmtLT. 40 
MR/W HXttXQ- h/Vf KPSttllBuWTMRSi-9 
KaWvy KOTSPV-/I/ Kl* ±8l$->-/t/KlStf y 
- Ki»i*SP»(OflWt-&«lB8fl<Hc55-r¥ffl0T* y , 0 1 
71*01 60A-AldffifflBr?&y> 01 81*01 60) 
B - B«Brffi0-?*^ o a 1 6 TttTSPv--/!/ K 

ist;±g?->-/u Kit cftstesssa-n* y - ksh* 

i:-*a?l|ffi<D*6' i S^tl^<D<eJ*0^6' i ^8S^nTfc 
y, 01 7Stf01 8T'li±gB->-;UK®<D±Vificty 

[0069] co-«3osis»Bffitt, natrcff ion so 
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2 ©*»»!*^«/££l|B*£fctitct.©*r 

»*. *mtm&o)*oMo>mnt% 1 m 2 ©suss 

Bmt$.<.W®T-3>%>„ Sf^T, 01 6~01 8Kd5*/> 

z\t. 07~09sv0i 2~0i 4tm%<Dm&m% 

[0 0 7 0] 01 6~01 8 icaSl^T* 7Ott0,^L* 

i^&iR±KmmBmitircwmmo>T®*s-ii ki, 

7 1 (iTSP->-/b Kl 7 o±tcco5TSP->-;U KH 7 o 
"laiJlWT"!** •> 71, 7 2 ttTSP^+ 7 71 7 1 

2 3 b t m r «i<* 7 2 Ru&mommm 1 2 7 ±k 

7 71, 1 2 4 tt±SP* 1 7 711 2 3 ±(C C W±^^ 

1 7 -7*1 1 2 3 tnmizm&LTmBtfttftrcm 

3**tl©±g*j->-/!/ KH, 7 5 ttmLWBMtctbO)! u T 

\- k/ \v 7 x®, 7 6 « t m r mm 

f*7 2tf£aL£t>ffiffi(c£^TT$->-M/K17 0© 

±iS6^^fi£*nrciasiJ, 7 7 (*cagp7 erticiuifttt 
»*a»jiA,*CTB**ft/-c» 1 ommoymmtSs 7 8 

1iTSP->-/U KH 7 0±lc, T95^+ 7 7® 7 1 St/T 

mrm*7 imjmhTBitetiMiKmmciitm 

Wtf+VTMs 1 2 7ttTMR«l#7 26^?SL!S:^ 
ttBKfi^TWI* * 7 771 7 8 ±KJB&Zftttn 2 © 

mamm»m. 7 9 i*t9->-/u km 7 oonwtog 

J***lfcW 1 ©IMMtM, 8 0 li*&l§¥+ 7 71 7 8 ± 
■^•^±8*5**+ 7 71 1 2 3 Stf±S->-;l/ Kl 1 2 

4 ©fMBfcrartarftfcH 2 (Dtmwmz* m^lt 

[007 1] 01 6 iCiS^T, *6tC, 8 1 tt-HtfT 
Kl 7 0 (cfimWlcg^^n/j:^ 1 (DfcfTMx- 
/MW*» 8 2 tt-WS 1 0^7^-/1^8 1 05ffl« 

£VftnK8HR2--nfc* i ©y - ksw*, s 3 itm 1 © 
y- k«p»8 2omm&w$m\mm*fttcfii 1 

mffi (««/^7 K) , 8 4tt-^±^5/-/|/K®1 2 

4ics««tc8ifj?tircm 2 05 y- K«m. 8 5 «-« 
&m 2<d>)- 8 4 oxmKwmzmmitittn 

2<DifT *-)W#. 8 6 to-m&K 20)^7 *-/(/* 

#8 5©fiMic«w9ic»«*ti/t'ii3©y - hm 
8 7 1*» 3 © y - KVfl: 8 6 ©ft?^6^mmwicftfi!-*n 

/-cm2©^?mffi (8«!/«7 K) **ftf^i«LT^ 
[0 0 7 2] TMRffl!tt7 2tt, 0lCttS*nT«-"3t3: 

i) . h >*;*// ^y7istf±spaaif±'»isi (7y- 

1) tt^S*W**l*'>a<tt>-&tf*l«jitJ3:-3 
TV**. 

[0 0 7 3] ±SPBtJ«14'9 , Sl (7y-l) tt. S*W 

3ic*fig*nTi;y, TSPSiiatttaiisi (tfvh'i) 
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it. %®m&mmmt(D®<D&wits-£/W7'xmmz& 
? t, *<j>mity3fa&mm?;mcfo < <»: •? izmmtnz 

[0074] TSB->-/l/ K® 7 0»tf±gp->-yU K® 1 
2 Alts NiFe (/«-7D-f) , •fe>^h, CoF 
e, C o F e N i J2JiC o Z r N bg<Di|l®tgj!Xtt$ 

i«igr«fie*ti5o mi*, o. 5~4^ m> #$l 

<li1~3 j/mT'£5,, 

[00 7 5] T8fl*Vy7®7 1&tf±g|5*fy7®l 

2 3«, wmunrntn. mzitTa. c u , ai, 

A 9< Au. Tu TiW, Rh> Cr, In, I r. 
Mg, Ru, W, Zn. PtMngKliRuRhM 

n, xtt^-new^T'^fiE^n^o mmit. 5~7o 

nm, J?$L<tt1 0~5 0 nrnT-S*. 
[0076] TMR «®ft 7 2 Kfctt^TgPSilKtt^lS 

»x tf v»«*mr«i«r « c t tm* l < , 

F e, Co, Ni, CoFe, NiFe, CoZrNb 

x»*c o f e n i %<ommtmv.\tzj§®&tfm^e,t\ 

TS&SSfiKte^® (fcTv F®) WJS/ftt, i ~ i o 
nm, Sf$L<tt2~5 nmT*S$, COKJItfJK £ 

y r * * t ssaraittasis® t <*>x»i£s/ « t 7mm 
ii s y * wra* < * y t¥z t t m r mtm&m'j>T 
a. ±gp?iiaii»)i® (7«;-®> wkbw, 2-50 

nm, Jf*L<tt4~3 0 nmT-a5-5„ C05HgJftfJ?< 
£ y f S^S f\y K»fEft(D£ii7Jjt>MIT LibO/ {/I/-?/ \ 
-7-tfV/-<X^c«i:-pTai730^:S^tt/)^L, {g® 
S < y r ^£ 1 T M R SOgOMslCgHT £ ttj73fg 

[0 0 7 7] TMR«Stt7 2lCj5tt^h>^;U/^;7' 
Sit. A I 2 O3 , NiO, GdO, MgO, Ta20 

5, MOOJ, T i 0 2 X«W02 ^6«tfi)6*tl5o 

ffifftt, 0. 5~2 nm&fT'fc*. JKDF 

[0078] TM R«®{* 7 2 (C*»*«5*tttt»M 
li, fll^UfP t M n , R u R h M n Ztn&ZftZftZO) 
<ft<D-«fWS:Se««tt«l4^ffltNSc < i;t,T'**„ ft® 
tt6~3 0nmSSr**-5„ * 

[oo7 9] miR.ifm2omt}wtm#s7 7Rzf\ 

2 7, |g*i*+.y7®7 8, SglCDJfe®ft®7 9&tf3l 

2<Dmm8oit. -micitA i 2 o 3 -em&tti 

[0 0 8 0] ^1S0 : ^2(Dtr7'*-/U#<*8 1Slf8 

5, £1, m2Stfm30';-K®«:8 2, 8 4SI/8 

6, 3£mc^1SVm20^?®ffi GMI/fyK) 8 3 
&t/87li, Cu, A I, AuXttAgf?T*85/fo*-tl 

fc/cU —®tf±®->-/U K® 1 2 4lcmSWJC8 
18*ftTl^&Sg2<*>y-Ki9tt8 4£, C<D±gp->-/U 5i 
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k®i 2 a tmctmr-fimLTtxt;^ 
[0081] *nffimmic3sitz>wmi5;$'( > h*, m 

R9H* 7 2tf££L£l,M3iHU:J;i, , >T"F$->-;U F® 

7 o iciagp7 66^ten, ^oiNcgr 1 (D&motm 

ftS7 7tfmt!>&£tlZl^Zt. &mcMRmis#7 
2 S£ L&^ifiHlcfc^Tif&Si** -y 7/§ 7 8±K3I 

2(DiiJin<D!&*n*jf i 2 7 6WfiE?nr^5c:i:»c<t 

y , TSP->-/P K® 7 0 £tf±S3=F+ •>/ rg 1 2 3 ®(0 

mmmnmctnsi vm*?**? izm^t nz 

10 icfc-So *(D|g®, TSP->-/l/ KS&tf±®*>-/U K® 
F«8<D*-W\"->£V7.C shield tf'J^fc^OJT*, 
•SffiHSfl'Vy \?<D®&m&mL<fi±TZ0)Z'3i 

[0 0 8 2] @1 6lC^f Crt$S3(D^ffl!^roli 
^ Tg^-^ K® 7 0±H:fitH-r«±g|J->-/l, K® 1 
2 4omft£ : fr3-£g0#(OpB, B|J^*+/?->^<«:LT 
fiWgf«mffiBSttS=1 02 3 0pm 2 (C A D|C<£ 
SlfWi) T'day, TSP->-/UK®7 0SO : ±SP->-yl/ 
K®1 2 4^(D+f/\*->^V7.»*Cshieid =4. 
20 4pFT'Sy, F^-7MliSHaf cttf c = 2 7 8M 
HzT-fcofc fcfcL, TBB->-/UK®7 0Rtf±gp-> 
-/I'K®! 2 4F^JES8(il i OnmT'ajy, *05? 
^ Ah Os 1^J:-5J6)S4 ; >y7 p ®7 8cDaimi5 2 
n m?$ y , ^ 1 Oii»DOi^ili^® 7 7 (O^Jili 1 5 0 
nmT'fcy, %20)&m<D!mmi 27<»®m*>1 5 
0 nm?Sy, y- KMtd&TMR^y K©g*t»4R 

hga = i 3 onrs-So 5a»Doj6Ji^®7 7&t/i 2 

7 * g^^^^jRtttTKDli^, C s h , e . d =10. 
2 p FT'fcy, f c = 1 2 0 M H z T'd5«*>S, 

30 mmizzms. csh.e.d tftiyktt«j:u*«ic/h 

[0 0 8 3] ZOm3(Dni&B®lZ3sliZ*<Dmff)m 

mm Ltcts 1 tonjg^sist/m 2 (Dnvsmmomst m 

[0 0 8 4] 01 9&lfla2 0li, ^30H)!!!mi!glCfc 
It* T M R >v h'0)®mx&0)-§lZWlWt 

o tmr mmmmfs.'s •> Kwsjt^js^sj^r -s. 

[0085] t-T, 01 9 (A) £,TVf«fc-5£, TSP-> 
-/PK®7 0£/«®L/'C$--V7-r<5„ 3i!L>T', 01 
9 (B) jc^r^^tc, *-©±KA | 2 Oj (ci:*^ 
f*®*fie®U CMP«iS^f5C<»:lcJ:-3TS®^ 
tUfcLT, 019 (C) (c^r^»»i0MUi«®7 

9*jf5fiEr*o 

[0086] :*ivt\ ; e■<o±^c^i;x^«»^M^iiL/^ , 

^-->^T*CiJCcfcy, TMR«®f*7 2fl!)??aL 
SXMii®fc35tt-5T8&S'-/U K® 7 0(D-^BIP L 
) fc, 01 9 (D) lOTVrctSUv'XhA'S-VI 0 0 
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ZBfittZ. &1>T\ CO U-7X 1 00£ft 

LT4*>~>J>7Zfi?ztK£V* 019 (E) K 
7nt <fc 9 lc, T M R HUM* 7 2 <Dffl£ Lfcl^HtCfctt 
STSSf-ZU KJf 7 0 ICG3SP 7 6 jgfig* ft*. 

10 0 8 7] 3*1^ 01 9 (F) icmr*?ic*<D± 
(CA I 2 Os (C£S«||(tJ|«j$BLfc&. 01 9 

(G) lC,-nT<i:-5fcv l>7 h*7«UI£*7oTU-77 h 

<fcL7\ 019 (H) tC^rc?t<. E3SIJ76rt»C«» 

[0 0 8 8] 02 0 (A) Km-^Ks TgP 

->-/l/ KJI 7 0(DmS12ajC. TSP^t y 7® 7 1 
^±{CTMR«@«:7 2^fi)yi-r*o 02 0 

(B) K/-jvr<fc-5lC, TMRfWH*7 2£/'C*-.r>■7• 
LTlgSS?&,^:£«?fi£U T815*+y7/f7 1RI/TM 
R«lf* 7 2 <WflPJCDT8fl->-/P K/l 7 0, & 1 0jiJO 
©J^Wf 7 7Stf|g1 ( DigJftt/l7 9±lCA I 2 Oa 
K<fc*f&*i=F>y7S7 8^H-r-5„ 

[0 0 8 9] /\-K^y^-y h^7 5 (01 2 

7) «B«Lfcfc, *0±KU-7ZI»*m«WliL/t5r 
--V^r*CtlC«i:y. TMR«JItt7 2<DS£L£ 

LMftBicasttsjea** ye 7 8 o-attfnn L/t, 

020 (C) \ORrst*W7>hrt9-yi 5 0*B 

[0 0 9 0] 02 0 (D) lcmT£?lZ*<D± 

(c A I 2 O 3 £J:«ttiRf*j|«j£RLrc& 02 0 
(E) tc5vr«fc-5ic, >;7 h*:7ia3i£^TUv?xh 

1 5 OStf-?-©±a>^S«:|ft»«:Ji%^-r 
CfttCfcy. TMR«®f*7 2©SaLft^(&H»C 3C 

fcttSIMi** 7 7-17 8 ±lC/BfiE?ft/- i :m 2 OJilflDO) 
IMMMM 2 7*}f* 0 
[009 1] 02 0 (F) IGR*M:*|c TM 

R«il<*7 2»tm2©ift5D©l6!m*S 1 2 7±(c±gp 
y 7/1 1 2 3 Stf ±gBf-/b KJS 1 2 4 ««lCr« 
£ft!CCft6±V¥* y 7® 1 2 3&t/±&->-;U KJf 
1 2 4<Dn«OI6ll*ty7»7 8Slf»2(0ii]lDflMft 

2 7±»CA I 2 03 lC«t*M2(Diffeli{*Ji8 0 

[0 0 9 2] ±9IL^«MI»aiC«l*«flr2fl!>i;-K 40 
W(*8 4Stf^2<0e7^-/bWi*8 5(CO^T. *ft 

Z>*oKiK--y?tt\^ T2P->-/l/ KJ»fttf±S 
KHOt 1 1 >X C s h i e i o * J: y *h 
* < f 5 C i: fflRBft'N. y KOWWMttt* <K 

[0 0 9 3] 3r5fc s ±aLfc#WBBtt»cfe^Ttt, 
•> 71 7 8»tfiIAQ<Die$if*/l 7 7, 127 

tt. A I 2 03 vmmttiTi^b\ zo)$m<d±&x 
tt-SBSA I 2 03 J:»;m»ottt^lMMffik **tf 50 
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Si3N4, Co-yFe2 O3 (^XH XttS 
i O2 TUbST 5 CilCfcy. S'-ZUKlMttt/tt'* 
VXCshieid ^SSltfiTS-e^C -» 

[0 0 9 4] SSKfcftu ±a5Lfe»WBBttKJ5»t« 
TMRfU*7 2 g»4>Mie*e XttTM 
R fiMtt 7 2 fltJBfiE* ftTt^gB^iVTSP*' + y 7® 
7 1**<T*Ci:K:j:oT. tft»*+y7Jl7 8fl!>IB 
10 ft** 3 lc«M»-«&. *-/l/KJfl8*-wt 

->^>XC shield £*5fcfiT*-»£c:<!:tfT' 

[0 0 9 5] ULha^fcSIJBEJBtcfe^TI*. 

s»«tti««8«fcai,^ ap-6±fli«tc«*TMR«/B 

9/f®£8iI£ftfc>jm^£5l8it<DC P P-GMR 
!0 *?Sffi*fcCPP-GMR'\y KlCOlvrt>£<|gMf 

[0096] u±j&*rcnmBmt&T*%tfi%m7m 

<t ^ TO*«S*ft* t,0!>7?6*. 
[0097] 

jfes^s^jaa-ftT^srcttv t^->-/u ks»i;± 

KJHBO* + /«->* VXC Shield tf/jv^ 
<ft*o MRBIK'Ny K<0@»a^UtfgL 

DBi]-Hm«E«B**r«c 1 p-gmrjs^a 

B S^lRj6^6H/c0T*a55„ 

00 2 ] -#wftm;§**rr * tmr 3s?x« c p p - 

G M R Mtt A B S *fi*»6 R/fcH7»*. 

[03] CI P-GMR«?(DHffil2j!a0T-*5*„ 

[04] TMR«?X«CPP-GMRS?(0Hfiffi[2lg8 
BPS?. 

[05] H4lca*Lfc5«08lcd5tvr, ->-/bKJBH 
©*+/<->*>XtfCshi« id »6pF09l|$(cfi 

»t*»8fi0j4^^a^it$^-r0T , a5-5 I> 

[06] H4|Ca«L^«BBnic^T % *>-/bKHDB 
W+t/^VXtfCshie id =1 pF(Di§£(Cfc 

[07] *9MH>£l«>StttJBag£LT. TMRiig 
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[08] 07(DA-AHg&S0T*35£. 

[01 o] ts-wnmBmiztsiiZTMRmmmmn^ 
[0 1 1 j m i (onmmmztsiiz t m rssmhbsi'n. 

•y K(OKSie(O-g?^t«wr*BTS0T'*5. 
[01 2] *SW<Dm2<DlSjfc»«g ( hLT, TMRS-S 
KOSl'Ny KOTOS'-* KJI, ±a5->-;l/K/lStf'; 

[01 3] 01 2(OA-AI8Bffffi0r«*. 
[01 4] 01 2<OB-B$g»rffl0T'££. 

[01 s] n2onmwM\zs>\i%TMRwm\m%^ 
[01 6] *nm<nM3<»mmBmtLr. tmr^-s 

JKfiS^^-y KS, ±gp->-/UKJi£tf'.; 

- K«i*gP»(D«i«««BSWlc^-r i Fa0T*S^. 
[017] 01 6<OA-A$g»iE0?3S5„ 
[01 8] 01 6<DB-Big»rS0T'S5 < , 

[019] m3<D%mmiz3sv%TMRmmm®%'\ 
[02 0] m3<DnmBmai\i%TMR§m®m%.'\ 
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20 



7 0 tsp->-/uks 

T8B**-y 771 
TMR«®tt 
7 3, 1 23 ±gB*+-y:/Jf 
7 4, 1 24 ±gp->-;UK® 

ihjsp 

1 2 7 ifitt4)«||*j| 

fflftlMMMi 
Sg2©Jfeigtt/§ 

siqij-kw* 



7 1 
7 2 



75 
7 6 
77, 
7 8 

7 9 
80 

8 1 
8 2 
8 3 
84 
8 5 
86 
8 7 



1 0 0, 1 50 {s'Jmi^-y® 



II] 



[02] 



[03] 



y///////////////y> 
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[04] [05] 




1.0MHz 10MHz 100MHz 1.0GHz 100Hz 
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[01 8] 
80 124 123 127 




-78 



79 72 7170 77 76 



(A) 



(C) 



(E) 



(F) 



(G) 



[01 9] 



1 ° 



,1*0, 



70 



J 9 i° ? 9 

ES3ZZZZZZZZZZZZE 5S 

7P 



(0) l^^ZZZZZZz£^ 5 

79 79 



100 

79 70 76 



100 



100 




Alj0 3 

4* 



79 70 76 

A1,0, 



100 



79 



79 70 76 7? 
77 

(H) /.••■•.•■■.f>^^,.?.^ Ky..j 



( 15 ) 



*SBB2002-025018 



[02 0] 
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